Polychaeta is a class of macrobenthic fauna found in marine and estuarine environments. As part of a larger study of environment health impacts associated with the operation of a thermal power plant in the Na Thap River in Songkhla, Thailand, we examined bi-monthly organism densities of Polychaeta measured at each of five sites along the river downstream from the power plant for before and after its operation began. These densities, after log-transformation to reduce skewness with appropriate handling of zeroes, were found to be related to salinity measured at the same sites on the same occasions. There was also a statistically significant trend in the Polychaeta densities over the whole period.
Introduction
Scientific studies commonly involve comparisons of means and rates with respect to study factors of interest. For example, an environmental study may investigate the variation of an outcome of interest such as the mean abundance of a species of fish at specific locations along a river. Physical and chemical study factors include water characteristics such as salinity and its related variables (chloride, hardness, total alkalinity and sulphate), water temperature and transparency, turbidity, total suspended solids, dissolved oxygen content, biochemical oxygen demand, heavy metal concentrations, and nitrate and phosphate concentrations. Biological determinants include species at lower levels in the food chain such as phytoplankton and zooplankton abundances.
Polychaeta is a class of macro-benthic fauna that inhabits estuaries of rivers, and its abundance is a biological index of the health of the estuarine environment. Polychaeta densities are related to temperature, transparency, salinity, oxygen demand, pH and minerals (Edgar, 1991) . Polychaeta such as Capitella sp. and Theora lubrica in the family Capitellidae (Kikuchi, 1991; Ferraro et al., 1991) and Polydora sp. are biological indicators of organic pollutants. They are usually found in estuaries that contain hydrogen sulfide (H 2 SO 4 ) and high organic matter (Chareonpanich et al., 1994) .
For such studies, regression analysis is an appropriate method for measuring differences in these means or rates of interest, and for assessing the statistical significance of their differences. Furthermore, this method can take into account distortions due to the effects of covariates that that can mask or amplify the magnitudes of these differences. Such methods are well established and comprehensively explained in the statistical literature (see, for example, Fox 1997, Venables and Ripley, 2002) .
The thermal power plant is located in Chana district, Songkhla province covering 300 acres. It has production capacity of 700 MW by fueling with natural gas from the Thai-Malaysian Joint Development Area in Gulf of Thailand and using approximately 39,000 cubic meters per day of water from Na Thap River for cooling the system. It started to operate the system in January 2008 until present.
In this paper we used these methods to investigate the trend of Polychaeta abundance and its relation with salinity variation in the Na Thap River estuary during a 5-year period from June 2005 to May 2010, as part of an environmental health assessment program of a thermal power plant that began operation at the middle of this period.
Materials and Methods

Data sampling
The data used in this study were collected from the Na Thap River on a bi-monthly basis during a period from June 2005 to May 2010 at 5 sites (stations) in the river, located in brackish and saline water (Figure 1 ).
Water samples from each site were collected by using 1 liter plastic bottles in size for measuring salinity. Polychaetes were collected by using Ekman dredge 15x15 cm 2 to sieve with 420 micrometre mesh size. The samples were stored in 5% formalin solution in the laboratory. Each species were counted and classified under a stereoscope (Fitter and Manuel, 1986) .
Statistical methods
Linear regression (see, for example, Cook and Weisberg, 1999 ) is a statistical method widely used to model the association between a continuous outcome and a set of fixed determinants. The model expresses the outcome variable y as an additive function of the determinants. For example, if there are two determinants x 1 and x 2 , the model takes the form.
(1)
The model also assumes that the errors are independent and normally distributed with mean 0 and constant standard deviation.
For biological outcomes such as organism counts per unit area or volume, the normality assumption is usually invalid due to skewness in the distribution of the outcomes. In this case the skewness may be reduced substantially by taking logarithms of the outcomes, provided zero outcomes are handled in some way. Clark and Warwick (1994) suggested replacing y by the transformed variable log (1+y). However, for ease of interpretation, results need to be expressed in terms of the organism densities themselves rather than transformed outcomes, so it is necessary to correct the back-transformed means to ensure that the overall mean organism density is preserved. Kongchouy and Sampantarak (2010) gave an appropriate method for modeling proportions using logistic regression, and their method also applies to means modeled using linear regression. Equation (1) generalizes straightforwardly to any specified number of determinants, including categorical determinants that are treated as factors in the linear regression model. In such cases the parameters of interest are differences between parameters specifying the factor levels and their overall mean, and sum contrasts are needed to obtain appropriate confidence intervals for these differences.
We used the free and open-source basic R program (R Development Core Team, 2007) for all statistical and graphical analysis.
Results and Discussion
( Figure 1 ) Figure 1 shows map of sampling stations along Na Thap River. The Na Thap River is has a watershed of approximately 232 km 2 . It originates at the confluence of Klong Pho Ma and Klong Luek, and after this 26.5 kilometers it flows into the Gulf of Thailand. Therefore, it is water body is a mixture of fresh and sea water subjecting it to receive many influences including tidal regimes, salinity influx, river flows, and surface runoff from the upland regions, resulting in unique characteristics of both the marine and freshwaters. The initial part of the river's body is narrow and rather deep with fresh water and thermal power plant is located in this part. The middle part is wider and shallower than the others and the estuarine part is narrow and deep and adjoins to the Gulf of Thailand. The graph on the left of Figure 4 shows that adjusting for salinity reduces the trend very slightly. The adjusted trend estimate is 1.41 percent per month (95% CI 0.34 -2.46).
The graph on the right of Figure 4 shows a statistically significant relation between Polychaeta abundance and salinity after adjusting for the trend. The increase in the organism density was 2.81 percent (95% CI 1.01 -4.61) for each unit increase in salinity.
At all stations Polychaete density was statistically significantly related to month and water salinity. The salinity level increased with distance from the thermal power plant to the Gulf of Thailand. The amount of pumping for cooling the system is 39,000 cubic meters of water per day, which is very small compared to the water volume of the river. Thus we have little evidence that the power plant has an impact on the salinity level or temperature of the water.
In (Sithicheewapaak, 2010) . Thus, the drought led to intrusion of saltwater in Na Thap River, which can be observed from the increasing salinity along the river.
Sampling stations 2, 4 and 5 are surrounded by communities, shrimp farms, fish cage farms, pig farms, seafood processing factories, and rubber industry (Sapaeing, 2007) . Waste water containing organic matter from those areas may cause increasing density of Polychaeta, whereas the location of the power plant is located upstream with less wastewater and organic matter.
Conclusion
Polychaeta organism densities in the Na Thap River estuary increased by an average of 1.5 percent per month over the five-year period from June 2005 to May 2010 inclusive, corresponding to a 90% increase (95% CI 25 -157 percent) over the duration of the study. Given the volatility in the distribution of such organism counts, and the corresponding wide range given by the confidence interval, this result is not particularly conclusive. The impact of environmental factors on Polychaeta organism density in this area should be investigated for further study. Figure 3 . Polychaeta densities observed by months elapsed over duration of study with 95% confidence interval for gradient. The legend gives the number of overlapping points for observations from the 5 sites. The occasions when no Polychaeta were observed are as follows: at one site after 9, 32, 42 and 54 months, at two sites after 1, 3, 5 and 44 months, never at three sites, at four sites after 7 months, and at all five sites after 28 months.
